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24.25,28-Tnhydroxyvitamin D : and 24 ; 25,26-Trihydroxyvitamin D : : Novel 

Metabolites of Vitamin D 2 + 

G. ^atyanarayana Reddv*- : 2n c Kou-Y; Ter-g^ 

Rect:itJ Jul.- IS .n> fesiitd Mexaicnpt Rtxivtd Auguti ;S. 19(9 

D~ S ~re'viJe P h«1l?r n" g °' ■- ' F j:hw ^ ; ^ ^-n>dro.yv;tarr,n D- and 24.hvdroxw:urrn 

\Z " • D Srii "a ; ~> d ->^ ™ or" v iuan 0, Is of ^ es^.il . 

■ A ~ : f . r 1111 ^ 1 - 5 l - a r 1 slc. it ha; Deer cemonstraicc that *h-* ina^ : vat : on nf ■>•* 
nydn^.n D : occurs through as c , n vc:-.i,r irtc 24.:-,.d;r,v,:ro^am:n Z>. 'K.«t,U N J P»i-ia-c~" 

•^"'^rr^i" l, °^f ^> c^hy^yv^r, D: ,,,, 

;r.o;,=rb;Tsr«^'^ ^ V£"- y F " 3ifw - F H ' iifon - v ■ Ra - 

fl .„ , f ^- . ■ ••^'-^^.♦../v. J J -^i- J- cur present v.ugv * e :nvesticaitrc 
.Too^vir^' - c^';r '^^ F " fLS&1 KiCn - :r ' d ^--r.on it rat e c its convert 

H \i -Mbii r-r k.-.^. ?' • t - v . u "- '•' D; Tn ' : s ^ u --^- ioerK.;;cstior o! the „ew metaicii- 

^ .....aPn.r.c b> ...e tccKKor of Llt:,v „« ;.bso:ptis-. .pec-.-oDhotomc-.rv and mass s,ea^re- , ,„ c 

orce, t, oe. ? onnra:e the physio: )g ic £ : • i-i r.ca.nce of t,c w C , ie 'w - r hvir.v ^4^':''.^^ 1 ^ 
,e tr.cucea nyp < :v ! -. ar r.ino 5 i S D : 2 r,t u: r £ [: Q .3 Hi v D- arc ara!v::ed / t - " ^ 

i^::^;™!'^^ - : - - f -f -—u. . iS! j ic ^^.togr^hv ^, 

..c.-. t,.a. DO.., --..:.,c-tri.-vz:G.v^ -.a,,,, D . .mc 2-.:f.:6-..r:;T.-d.-D>:-,--:;ar.in D- cirwlne -n 'h- ^.-^ 

...^,1.,.. ,,. ...a D 2 . n^~.--y .-n -Cvt-.v-na-m D : . X-r^wvixzmi-. D, ir .d dro^.-.n .^ir 

C ..--V":.' X -y^™^ ^ ■-,ne,t:,hy:ro,v ..aboiite, o^vi:ani U £ 7: ^ ~a ^ 
,.,^K.g,.a! r, ; e tr; tr . e „,c;,v. tl or. o: l.-h.-crox^it.rntr. 0, es,ec:a iy d; Jr;r; , t^r^^:t 
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' c the 1 Vi - ; -^r;ar- p^i'ii cnai form- of vi:arir. [ c-i. t f 
1 the ^.t-a-i ibrrr.-j of wu.min D Na:o:; e ; ai !'-"9 
v:la,rrir r ': = "-dthyc- ( .cholcsi»ro; ) ;s in ij/c : 
3n:-a;s. ^rii, p^v,; J; mir D : (-raostero:) evisi:; i-i Suv:;^-: 
_ rrjny .o-c ore.ir:smf. .--uch as fur?:: an: f - ( . v :£ . 

^ir.s D : tn.: [« ; 2^ ci-nve-itrc .mo ir.eirV-rrt- concni! 
- 1 : D, '.vnen e>.p.;-sed ;c L'V radiLnc-. 7h:: :-.vc ..- : £n in-, 
c^:-on: ; -.r.e strbZLur-j )f tre:r sice c-:ns -ih- .ic, ,;-ai ; 

vi:arriir L ': ^- ar - mcry! grot- C-:a ::nc; a ,i ocbi . 
{ :™ oe ^ c - n C " :: - c C-13 .vner: coir.-.r-j :c the cr.v.r. 
1 Vll2mi -"' Historically, MLamm bvCL^-. irru-D-iar- 
C||ni " " cc c -^ the first Jvrthetic v t3:n:tt 

.P^p^ra;.u r. jv-auable "or 'he treainent ?'rc:et;;. :* si;;; 
■t^H ^ ce:y used ic b;i- theraoeut : anc njt- : or!a' 

c: tla aid x'ner com-^ i ^:;a!^ :r.D- rt^rr n.;:~n^;^ 



A: pie.ienu -t is 1^ ^ere-ai be iff tha" the farther metabo:»c 
ra:rwa>s tH^itarr n lJ : arc :.im:!;:r u. thc;e 0 /ita.nin L , 
i x o'TT^an et 2;., 195; :i. Vitamin 0 : . /itarrtir. Jr-icrgoci 
r > :rox -' - : c in i:ver arc at ki::r,ev :c fom 

:.:>OK;-D ; / t: - ^•"^r.aiiv a;t!-c fern cf vi-ami.^ D- 
( !' ,n -s '*/• ^- ^5 . Dunrg th; past cecace. tne ratn^avs 
c jute-chair Tietat>--ii -rr ofv;tamir I ), n etabjijte-- r :>OH-D, 
sn: . .:>(OH. : D 3 j ha-^c beer su-i :c exter..;;vei v I: is now 
ap-arert tnat t-e . ice chain.; c" oc-th .'.f-GH-L 1 , arte 1.25- 
(OH > : D undergo ana oeous metabolic aite-at ors r-uitmiz 
:n * h - rorrriation of Tia-y relative! v' : nactive netaboiites. and 
ta;,; = abject aa; bee; er.erts.ve y siuc ec n .evcrs: ! ic-o-tone:; 
a ~' (i vai rcvic^-^d r:cer.t:y cy Jone; et >i. - ;cv-y Because 

•• h - ob ^' :0 - s -neural c;f:,rerc^: be A-cer the ':Mdc :aa;r.- 



:ri ; wo:k vv-.-- n'c:-c".;c a; 
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.-JD'UH -Li-, l~.Z t .--i:hvi~CiX /V[';.rr. - . ■ ~ "A.Qy ^ ^ / 

:-V-;,--- .vs-Af22 :3: ^:s^-^«-"== : 

- ^...rycrux.-v-ui-nir j. . - 

vf' ,< l'- : i: >f*^.~..n 2- 2Z:'0H. : D : . : ::-.j : r.;.c:-.< : ^ -. 2 -ir'r.".' 
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EXHIBIT B 
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01 V1 — *nc L' . st appiured logical to find ciffe-ent 

;.::-OH-0 : : ; ,c!.::(OH) : D :! Aczordiruiv 

D0:!C?a: ^ a fori - 2 -" OH) : D : hisbe C nr«er : iN- :^crib"c 
d,1c : V' a; 0e - 0 ~ c c^--)us -a' -he SiC-i-cnair. rr -a v 

■.:r;' , c,h '-- !j : - : ' f - - ^ that of : ,25-oh .-n. an- 

™ ^- orr ' e 3 ??-«™i en after the C-l- hv Gw .aOen" 
'• :: r r V r> -' a - Pedc;. ^T.err.: i9--6.: ;•.••>•, 

L '-~ 1 > c ^>iaa. ! n uep, .15, 04 -,D- unde-cje: ^ 
^o;,>i..un:- c trsr at T-28 to :>~ i 2- v -Y,-)U _ 1. , 

-■en t.-io.;: ; : camp etc ;"un=:ic -a, e^laation ■ 
neUo ' v ' •^'.OH)-CS ha. rot beer -e- 
^: rCt ^.' ; ' :r 3a " P" ^-y r-^Ji t.na: I,, ns *"-' tr^v 
c si3-j- :rci- - etaboh ~ of : ,2:'. OH ),!:>- u inc-c : 
intended t: '^ct.va- : 2:"(OH ■ - 2- ; i'g.'s' 
Ho-;:.. .roV: srird ■:■:)■ urvatior-.'i . A : present've; 
*-™* T - ' e ^-" f 2.rg the Motivation rathuav o-*2:-0H- . ^ .. 
!:* -'- rv - >:r /-- :4 ''^ : -lOH'.-O- {.ore-, et i " i'^'/ 
^ P- r s-:: -re ma;;, .at on n-* ' --r'H-"- ■ ; . r '" 

v-rsior. ir-o IVlcT;. OH: ? D : -rA ;i 2T2-OH • ! Vl' 
n.anner an.; ug.: U ; to the -nactivat.on e:" 1 T rn 

niccn^iovr-.o ! .Z-.1: .2U OH,D : ,rc ..2A' ■ y v 
^ , i ;'/y e ; ' rz :: " JG > ; - psrforrrv: j w . : the -:r to .--r*:< 

--TO™ . , C- : and 2-L2:'.2f- Or-T O- => s * ' -- 
U;0:,iit - • ,, '^- OH-D. ,nd to :e:ror.;t ; a^ ;r.e;rV" ? 
e:?e:.al-y c hyper-./.arrinc. ,s D.. 

V \T^r.[^; a \ 3 Method 



• ■" : R. 1. 



t-avio:ei absorfca-cj iDtct:a 



vi "'. r ' 1 -' '-' erI ' rrnanc - •' c i l *:-r. c:.; :-ma- dlt^oKv ■ ;-'pT } U1 , 

' >iOG - 4<1( . - r-oniic-r L'V. a '!:c., r rir, Tll ^-,,: 

(Voters .>:,. l;! . M: - rc M . s . A; r H ?Lr :'.-.U... r " ^Jl': 
pL-cni.e: t-DH Btrdic--: i Jack-, r. L'V- r — M- 

' v - - ^^:;:on : • )oc 

" _ r ;> ■- ( ' ? V^ y ^' v itar - D. u a -j h , . .• frf| ^ 
,:a {. ; e-.ca C x [S:. l.cii; VlO, 'v.-»H.rV ,' {t :r' 

;:CT[ " S '--^P^. and,. B,l-c,c, iUr^.r' la- 
lar-.azoc. M . ! 2~[ R ] . 2: ;0 H . , e ; r .' ^ 

Kc::ay^.rooe U College .-f Phlr^fc'v K,'^' Mo,.' 

:^e. .r stucy u- r e ; z eif: frorr C-< Vfil-- 
i'-?? K0V ; J r; dE C - B ^^«i-i'H: 1 :fr-an;-La P.;,-'c In^' 
; ,J) A - :ne " :iG - 4 -OH-Q«. wis ijoia-c tj v 

; o.^-:a.,.:^, ; , c: ,. OH . D: ^ , ^ 

Yor-;. BrV, \v 
• " -^-•-^^--L'aw.e -a::. ( ioou; 3;'G : rur- 
:orr - t - :v ' : - Vf:ii£; I-^borator-ej. In;. A llien p-- : . d> 
^ "'*gu.^ -ocer.' ::et ;'Aa ^.y- a r-,.,. \-\ 

- ^ ; , . , "■■ :ec - ! -:^::dc;: :r a-ata:'. 



R 2 d G l v a n r ~~ " ■" 
- k -' lc JSC] 

' 19>-i that ;H e u."-v ; 'v - : r'^ ^ ■ ''^ 

rr^onyn ot 2f -OH-D and 2-.2: i OH i -r. can bem^' 

Therefor,, iatn.se , er ; JS on ' ^ 

^^' :ta " 1 n ° ;!: D ^ in ra: " ^' order to ncre.se -he ac;^ 
:er.a enzyme, -at a-, .nvoived la the ^....-^ 



of 25-OH-E' ; C»n the ra ;. 

preview ;t,c> Shepa.'d ancDeLii.-a . -80). u e ^ 
t;.iate: :00:> 3 ; , : , n ,, D : a; a i-aMose - '^ 

'-^en;;4 

v it;im.n I - in .(>{: a [ r-j .-v. qn , v r ,_ ^ - ' ' ^ 
- - . --'• an "-' " r, — T.u:cu.ar:viVc 

ui: i , Or 2 "ir"ir-' Or- i- , - j . ->v, 

.- ; " ---^ - - * ,J c - - i- - .as: do: c .; ■ vita-in ^ 
a = n,r^ ^ on ;} ihe' ^ 

^-->:.crey.. .a.cGt;^, .itarr^r D- ir.oxicatcd -■{? 
P rf^ IO -^-^oia::.OH-n : :c-r nmoi in ^ 
' J ,;"^.- it ^-vvas.nt-cc^c ir.o I 3C r.L of De -J? 
4 ■ cra . -^V acmratKr period fci.^i^ .soia:^ 
/ ,u S:ci:! > w " 2 5( P-ri3'n:d a cont:.,^ 

;: iie ' ;c:re ' ! in '■-^•^encr ;f a hd^-> :,nd cemor-.tri 
- :n-'i w: ; -etabo :s:n of 25-OH-T.. - re ne ..-" 
^■Pr-ratu: m th, absence a .odr.ey (:a"a not .how, 

Lz>iz L.:;r.: L :<,;. Lip c ex;- :t.on of tie . ;dnev De -.- 
;:;;/^ r D L J :: ' rC: ^ ' Pr-ceJ U -e :•■ Bi-h anc D 
V 1 "- 7 '' "' :e P ; :h2[ ^c:n...ene chorde vr. >a:-,;i-- 
crturok-ir . k " " 




i-pi-: ext:..c: obta.ne . :> ?;r. 



i . ,ni1 ' p . e:,l " a: - oe , - ,n ^^ - - r « ! ' tv,o <icnc<, -r'asions 
av:ec .to n.n: ;.,r:ior.£. Ea.:;i !i : . iC rt.aa then s 

v?" HP !: C : ^■^•^-^^^^ ^ ^tio 

e^-enc tv r;aur-: i w ih.o-r .ve; jadir.z' 
Cf ' iLr - n Sven thou 2.n -acio.aceed :; : -(jH-Dr' 

V -i^.* ; : " oar :re-,cr: ouc, -*- e we 

!f f "'' ; . : 7:; L V ^. 2:^ n:r. fnr e.T jn voillfl, 

' ] t "- 1 ' 1 Lv :!J ' in 5 fie f "-t HFL Z o, .;er ^howna 

^ cc: -' UV "-'^ ^ta.n-c .: ar ne ti e .*;- a r. ne HPL| 
r ns " er - :o ° - Lnd .naivicaai ;ea*; was":h3 

s-i>e:;ec tc a iv::,d HP1C •y.t.rr u th the sa-e Zorbax-Sf 
co arm i An m:n •: 2:' ct.i eiatec w th rr.ethv.ene chloric^ 
-■pr.:ra; 1 , J i(94^-a:ano^r2tc:i;n-L nrr The cliiuij 
vorame of s..on -ak Garinp the :;econc HPLC system " 
a, .o ,ow= p;; a< . ; 2- i J rr L; n c ... : ; . c . 3 . ?C a^ 
; v 7 :; - •^ i -\ 4 -- , - 4 ^ " '-. Lach L V pea-: :bt = ined : fro 
*:.e ,;tonc HPt.C - tern -a a; -e:r- 0 :na- oeraror.ee twics'^'d 

l"::[;:j\r c , : r A: ' n:; -:-: s *"-?^ii"> cfeacn uvi * 

' e '-' sc Cv ^^a.n.-.g the:r TV ,;-ec:ra. Tiz '.'V-absor 

I' 1 ";'""' 11 • • . - arc - e^r.b ted a TV .roectrumj 

' ' iJmir.s The L">'-l oscningj 
- T"-' ; p-:ctru.Tt won a L"V'i_ 
iOita L V sroectrar :naracten5 
■■:tam:r 2 , .-ne'.abc.tes obtain 
'"en 3^::eataa to ■ ^.am mc 
spccitror: etr". n ur:;r to idehlJ 



te-:a! 



■ .'U 
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;.-T ,-'f>T--T : Th= oa::ept:bilityJ 

: u : anc t : :^o ncn rncta :oi:tei cf Tf-'i'H-D:" 

: rt^taoer.ocats 'Na! 2. o,. : , A , : :j: ; S d in or 
:c :r! - Millions :; • -■.r-,-w' j-ms in" 
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5;2S- and 24.25.2o-Tr;hydroxyy;ta:r:m 



if ! 



if 



OH* 



.1 



HPLC profile.'- of a mixture "'"vanou: authentic ivntneoc 
amines of vitamins D 2 and D, (.upper pane!) and the !mH extract 
lined :rom 20 mL nt perfusate .■-owe- panel): HPLC in'both car.es 
s performed on a Zorcaioll :olunr '25 cm x 4.6 mm - that v.^ 
■*. eiuted with hexane--:-[.rooanol f^7 5.2.5) a', a flow ^e 01 ? 
..'mm un;;i 25.~8(OHcD : uai- eiutcd out of the columr. Them 
-first solvent system ^ar charged ;c a seionc soiver: astern 
ane-2-propanoI. ^5:i), >eeong the How rate same tc c'u'te - m 
■ poiar netaoontcs of vtamn D, ou; of [he column. The various 
aooi:tes of 25-OH-D : were icemifHd b\ m.omtcrine tm:ir L V 
'Trance it r.rr. Pea, > 1.2 anc 4 rcpre-err - ?S(OHUD- 
25(OHi 3 C : , anc 2-.25 .26. OH) 3 D : . -es P e;tnclv. Pea. 3 rer- 
a non vitamin 0 com.! mi runt produced bv :he" kidr-v \'c-e 
trie size of ine 25-01-1- D : peak she*- In the lower mme of tne 
- represent:, enly /. 0 that 0:' the -i.r-.ginal neak. 

:en two carbon.: whtr. either both carbon;, bear hvdro.w! 
cs or one carbon pears a nydr =>.> 1 grcup and the other 
a keto group. E.;ch metabolite (0.3-0. "5 Mg each) was 
■■'tc in 15 uL of methanol and .vas alicwec tc react with 
ul of 5n : aqueous NalO. fo- 5 min. M, the -eactions we-e 
■ed out a: roorr 'e-mperature (25 °C). Tne app^—iate 
3 L2 systems used to isoUe me periods te cieavageVoducts 
:hr " rcetaDO..tes arc nicer: bed m detail in'the legend 
.cure 2. E'en enough all three metabolites of 25-OH-D* 
. ■ fron ' h - kldn -> ^-:"^-a-.e were susceptive 10 p-ir-.ocave 
|0Aida-ion. we roticec that cur ng an incubator, period of 5 
- :-ni> 5 c c of 24.2MCH i : D : was converted into if; corre- 
c.ng periocate ei-avac? pr xiuct whereas both 24 25,21- 
,OH; ; D : ana 24. 2; , 2c( Oil .1 T> : were completely converter: 
~° ; rc:r "'^poncing oe-iodate cejvage products (Ftgu-e 
^ i- order to produce Ine periocaie cleavage procuc: ■: f 
■4.2' OrH : C> : in su r 0c:cn- quantity, we had \o increase tine 
, r _ ^ticn period to ! n 1 h.ta m: t sh : wm ?. The reason for the 
Oii:e-ences m the aeg-ee 0: us:eptibi.-t y ;o periocate oxcaticn 
"T :ne *- hr - rnetaboi -es 0 ' 25-OH-D- s a:; foiiow-: The 
~ -.: VlCina d:ci ^ C-24 a;,c C-25 :r :-t.25,.OHi : D : ;s not read , 
- R Sasc -;"t:rjie to oeriocate :xxa::tjn a' it is ster:;a;i\ hinoe-e: 



]"0 



it 



C-2\ anc L -2-; ~etn; 
nci.cec n> Jor.-is -y a2 
2-2-: and C-25 ;n :~ 25,2 

: ^t;or 

• - ,,' 1 ;\- c .• 



inc. • i-e n.an, 



: gr: up: . ]":.::• pn;no:r.enc n 
: °~ r «. However, the / : c;na: 
'0 L >-Sj- arc the vicra! dio! 
1 ^ ; "';:i2' : are no* ster aa!. ; 
susi..-pt;bie tc r:er ideate ;x:- 



tc -;ar>:;r: - 

3e-:nte" t * a< de<;^-.ec 

nci yc t'vr ;^ .k tr:r'.'Cr-..v. re. 



a 



£;oc/3^r?::r:A* , T'o/. 2?. A'c?. a, 19% 94' 



2* 2; ; nz-.iiz 
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F!CCR= 2: HPLC analysis of the reaction p--x!uctr,, ohtamed bv 
"eatirG 0..--C5 of each rneta oolite of 25-OH-D-' wj-h '^odium 
mctapenocate for 5 mm 24.;5.'OH),r:-, ^upoer pane:)' ^ ^ ^. 
'OH) :< L- : {m'.adle panel); 24.212 i(OH ■ ,D- I'lcw- pane ). HPLC 
w -> ?-'f'or:ned on a /.orbax-S.l coiumr (2f em < 4.6 mm). The 
column was frst eiutec with methylene cr.-oricie-; -p-.pa.no! (99.5:0.5) 
at : He* :za of 2 T.L ; rr.;r. until the oe-ocate rlea/aze ->rocuct{s' 
c: each metabolite eiuted out of the coiurrr.. Then, "he solvent vstem 
! ^a; switched to methy,ene chlor:ct-2-propano. (f;';5i a- the 'same 
;.o--v rats tc eiute tins urrcacved parent metabolites. Vrov s ir.cicate 
;.nc eietion position of th- paren: metaboctes. 

of /namir V- in nypervitam.inosis l- : Because of a limited 
scrply of 3a--H; vitamin C : , we on.y pen^rrr-ed th:;; exper- 
iment ir a single rat. Hypen itamcno:; ■ D : wa irduced m the 
rat with the tame dose of v : Lm,n D ; and the n^ethod that ha; 
been used ,n our present study daring "he investigation of in 
v:t;c metacoiism of 25-OH-E), ir kidneys isolated ;>orr ; vitamin 
0 ; mtccicateG rats. W e *:>.:,: prepared a mixture of n^nra- 
C;cactive Mtarrtm D : ( '. 000 ag; and Ca-Hy-ctamin (20 
-C i m IjmL of 95^ etnanol anc 'hus obtained a specific 
act vit\ of 2: cpm/ 1 nt of vita:n;n D : . The rat rece:\'ed 100 
0: tne above mixture intramuscularly each da. cer a 
per od o r iO cays. Twenty fear hours iCiiow.ng the final cose, 
the rat wa-, sacrificed by exsartguir.ation to obtain 6 mL of 
r/la ma, wi ich wa; divided into two pomionr. The first 3 mL 
portion *a; again divided into three .-mL portions. All tour 
matma :. aim. pies were e> tracts, and the lipid e:. tract of each 
sample wa;. subjected tc HPLC direct;,. We first perfo-med 
pre imirarv- HPLC runs cf the lipid oota nec from CmL 
p,z:rrrd r.anp.e:, ufing tne HPLC sys.err. de;cr;oec ;r Figure 
L Or. tne oasis o'the mfcrmation obtained from tne tnree 
p-eemmarv H?L Z runs. w C ae-ei^ned thi HPLC systerr. 
c^.-bci in tne legend .0 rty ur- 5 anc mea.iurtd tne va-ous 
; -m .vitamin D : metabolites nresent in ttie final TmL niaiima 
sample. 

Re: 

■ r " rr 1 -'•'-'^'^ -'"-.c'\;;c: AL-;.m Tne lire ccn.er.ttate 
cnt.:,nec :r~m 20 0; n :cc ..>..- te .<a^ anay-cec .n .1 sirg.e 



HP..L run on a straight nnase r ?'::,_ .v.s 

ni.ne.y tnai c ::c,: M: 0: re^cT> m. c ::v.\ 
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F;CUK; ; Mu! rpec;ri ° f ^.^.:^OH:-D ; !A , and tt perleche 

chrorrtatcgrarr , Figure ! fio,v er pane 1; be02nle 

.-■V : ^ -?i V i. 0Lr L ' V K2ki lD<:: '' ks ■»--»■ -oilo*ina 
'- ' peaK0i 2-->H-u, Out of the four liV,^ rv^,, 
-jas'ounc to be a nor. v;; 2 .--.in D I : r>i d con^ina'n: 

Oh : D : 0, two .::t:erc: HPLC s.stctr:. and - th :bi:ed a ™ 
!JK Jm ,Ct;f,:!c2: ^ one described rtrev o^v ^ J 0 re 
c: ai " « 1979 ^C, teata rot ,r,owm. -xisc '^ e - .^i ^ 
* — cate uxid auor and r^l^f •! 
. °- ^-^--.^.I-.r.or-D, : he elated t 7 

^ ;? e_procuct ;; r:a.;5.0H :D , T^e^:,^ ^ 
^'---VC.- -t-iro-D; 2S identic.:: with : y or,- -re- 
cuay le^oec * Jor.es e: ai. , ;o- 9 , ;dita „„, ^ ^ ; 
or !3 e oa Slj of:ne certocate oxidation and tne rra's 
^rr.etrceata. ti-, -.etaooiite ,f li-OH-D- :r, IV ^ ^ 
jcen^ed as :4.; ;( 0H: : D, Tr,e metaooiite of ::'-OH-D r 

''"u'v 3 ( C SUr; ; ' " d * £ - ; i£: " i^^iiHed at ^ : V~<. 
"-H)^-. Tne rnetaaciite of fa-OH-D, in i;v 7.. 
r-ec jus: before t,e i; .,:. 1e: ic stanch of ^VrVrT 
;• * u " i i3n ? * 2S ^ ; cert:nea aj :a.; : :.; 6 , 0 | ! ,.£,- Tnu' 

; ' rellJ ' ;s - ou-itucv indicated that .-O^. 
^ ?: ^ ; nthe:so;atea f er:usac-a i ,ia,ev ; ,;,:- r :-l-; 

...a:p.ms two ^etaoo,:te, .,ra ftend to oe .ne, Tit= aetatie": 

- !0n * ;n = ;«--:fiea:ior. of t, 

at^tes ot ::-0-O ; ^ X:,: S OM , D . a ' lc ':: 

.. . . , _ _ • - ■ '• - j O'-v -. 

-o^. oor/.ji.-.ec ^- •■ • , ' ^ ' 



2 50 ;-o 



not shcun;. The . spectra • Figure: 3A 2nd 4A) of I 
"^aDoni^ -,r : ; : t e d peak, l: 253, ; 36> 

ne:iks i.nJii;;.:ed that ;he secosie 
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tn: ' : - :wo n ^ •-*^o-ii,- -.ere formed as a re:ult 



icr. ar />; . : , \j 

^oo!:^ :ndic;ited • 
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on :neir ,idj cna;r;s. Tne moic. 

■ 5-he rr.as. iipeotr^m of each ne* 
' ,0!i: nie-Labt iiics cortaiojd k 

;ri "" n > c ' ox > 1 ^ ^hrr ,c scared to Lo-OH-O^ 
" i ' r - d > ' :^.eoo:-r,M: nucleus of 

nev^eujDoiites ,• ic : and s.miar to tr.e on, .re^nt^i 
:t " a:i F ie concise that eacn new metal 
u::e w i:i rorrncG as ■ of aod.tion of :w C hvdroxvj 

'Z r : K:C of -^-^-^ The exact location:' of the t 
^oiiiooa; nycroxy ;-o^s on renoe chain of each ndivl. 
rew ^etaooh- w, : , :,- e r:n;red ir the loiiow:^ ^av.- 
r , ine T ^' S '^"^ ^ ^rs ?A) of the hew metaboht 
LV peLf: " in F: - U ' c : '-•hibitec 2 Dtakat a>j - : 9 ^nd a 
- ■ -^itc--- e: irr. : na:i 3 noff8 Tass 
L r . G - r - if " : ^ A1 ;v. e rearran^e^ 

^:sr : rc;r g :hc;ca-: the me-oot:;e oonta nec an ; 

j.jcroxy g-ouo^i:- -0 h>dro.\yij.ticnj occur-ins on 
inC L "- A - l;c - :hi -' - ••2bo!iic wa-; i-usoectibie :c " 

■■ -he penocate :iea 

-rxoot ■ ~.gti;e 3P ; ; htu-,.: a moieouiar ior a: ^ : ±12 " 
■nc;catej ;r.a; the par-tr " .ornnou-c hac iosi CH : OH {32.fl 
of per. oca oxtdatior.. The 
' -oc a oca.-; at n- : '■ ."6 

■ ; > --if:- 0 o:t. froth toe oeak at 
■-or-aogerher : -icioa^c :h'a^ 

sti:; ;crtaned ;-r: .r.tac: C-25 
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■a of :-.:;,:6,OK< ; D : ;Ai and m r* c per; 

^ thiS ':ncirg provided indirect evidence fur the 

; :! ^;' 1C:r2: c ^ Uetc group a! C-24 r,vd-oxv ; 
; ;n -;V OH - : --^tG-2>mor-D : . However. w"e 

J-^^-ne C-.-i ac;c. :ne expected pericyte cleave 
\ --■° h -- i -^to-:S,- 1 or-D : . as the HPLC .vsterr". 

°' r :a30r2 '°-> ^ the time of :hir stucy *ere no: 
, " > • s ". a:e ni S n: > "■° iar a^cs i he formaiior of 
^j^-r.or-O; :rc,T t:ie r.ew ;rihycrox } metabolite 
.^y;.'^ rs;;u ' : 01 P e "'oca;e creation w.^id be 
. '- ne n «^^-^ro!:tc contained vic-.r.a; rr.croxvi 

'"'V "• e:aDCi:le 01 v :tamm J- posses-.ee m-- 
C : : ;.- c ( - :3 - a3di::or. the or-in'a: 

^tr^J. rr ';" n - : r ;^ r: rep: ---'->H-D : . and 

1 " '' ,L ~ - ------- .v. L 1 r: ••j^-. 

"2'^~ - ;n ' - 1 me metaho;:te ;r. L' V 

" X '"'" c " ii ^ - - u mcr: ^taesisc 
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ocz:z cleavae? products ;b r.-i ■;; 

= harac:sris;ic ma,, m,mm;s a: mm 363. 3:0. and ~< 
1 ncse mass »™rr.er.: produced as a result of McLaff^v 

^pe rearranyemem . a- o-^o:;i:*utea m-h vcroxv aid-hve'e 
railing from the mmmmmm of me mo^cuha: ion fM-, 
:o::0.ec oy a !oss , 2: • C: ; -(f H'3 • f mass Lmts ' Th i; 

I :; 7 0:renOn - c.-. a . a ci C ris::c cecomnosiuon 

H^-nw.v cesa-cec ^.^ o,;:t:.. t Cl j J-hvdrcx^ e.t.rs (Biid- 
— -u ; _ e, a... .9- . r i-m.e-mort. ihi? ne ,- metaroiit- »a< 
^:>o ;,avcem;o ( e tc p : .r oca:e oxica-ion :nc eavs m, e - 0 ^ ^ 
ceava S e,r'xt,c: ;i -;, r e2 . Tr,e rr ass ^cmum of the mom 
:oia: penocate cieav v , e mocuct (Figure - B ; showed a m,- 
r;"' Hn - -^t t-e new rretaboi;ie 
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. 1G .RE j.. H. LC profile ..f ;he ii F ic extract of a plasma samp.e 3 
rnL. ootainec irorn a rat g.ven 1000 Mg of rH]v lt amn D- in diviced 
dos« over a rer;od of !C oays. The piarma sample v. a: mixed wj-h 
autri-niic norraaioactive vtamin D, me;aboIitsr fM-'iH-d, 0 " 

i .-- .OH > : l- : ugj wun tne aim of identif-.ing each mcividul] 
r2jKl ^ !tve arTl!n L ': mc-aooir.e *s emigration w-h us ccrr-- 
if* jr -- ,n § autntm-c lonrac oactive vitamin D. metabolite st^nca- 
■V'f i; P' C .^' ac ' : >< * he Piasrr.a sample containing the v ar ous 
; n./:tamm D- metacolttes and the authentic ncnradi<.ac'ive vitar-^n 
L : rretaDoire- wa? analyzed by HPLC jncier tne chrcnatoa-nh'.c 
cona.nor.i a«;ncec ir. the legend to F 2 ure I ~xce P : tr.at ihc^Vi 
so .en; ,.«cr. wab enangee to the seconc solvent ivsten at ar eiution 
vo.une -:f 90 nL. . dut.on positions of the va.-.ous nonradioactive 
au'hentcstanoarc ^fvuanin D, metabolite; a: monitored dv t.ne-r 
^ ' ."r* 5 -'' ;r ,ce a: " 4 nrr are C-Pictec ;n the fieure a:ov S bv -he 
so^c ,ne Nc-tc tnai the U\ absorbance profile during tne rlrst lO-ntn 
w * Jn J f ' rot ^hown fcr the ;;alce of dari'v. Fractions cf mL 
cu-:ng tne (:r;t 1 0 mm of the HPLC run and fract.ons of ;. mL darire 
,ne remaining rjeroc of tne HPLC run *ere colicctec -he HPLC 
ef: u>nt .r eacn action was divided in'o two eauai pnrions ~h- 
" r5 -.-' or -- :, - ,n w " u ' cC !0 measure radvDactivitv. which is depicted 
lP : " urs 8 myogram, ^he seconc portion was used fo- 
-ecnr.^atogra.nv ,: each major metabolite of v lL , ;nin [_>• an a seconc 
m ru- using 2 metnylene cn.oride- 2-propanoI mature a. 'he 
solvit « : .:ten <ca:a no: shownj. Thus. w e confirmed tne ideniitv 
o «.n -nap- met.ooate c. vitarrin D : bv tl , c ■ Tl i 2r . i:: o n w;h ; t' 
«:re.pona.ng aanc.nsic coid '.tandard on two different HPLC svsiems" 

chromatographic nobility as 'ha: of the periods te e'eavao- 

■; f 2-.2'' : OH)-O n i'F p-t P ■>•, T tr 

- ■■ & u r .), it; rr.a.s ;perj:-um 

!i"^re cC- wa, identical w ih tne mass specrum o: the 
per ,:, ' :a "- e c - eava ^ P^cuct of 24 2;(OH.,D.. previo.;;iv 
( ?^-.-.ncc b> :cnct et a!. (1979k \V;-h this mfo'rrr^ion. tne 
po^- chav-ge pr »cjci was ;deniif.cd as 2^-ketc- 
-",-0.- -Ttnc-r-C> ; . The formation of 2--k-to-25, 26 " "-fi- 
ner. D : frLTT. ire ne* trihvcroxv metabolite of vnaiTttrTo-'as 
a "«ut o: penocate oxication ^ouic onlv be po^Dle if tne 
r ; e ' A '"etaMine contained vicina hytiroxv] 2r .^ s r.v , nd 
C ' :5 . Thus « b >' ^' t! ^ ^gether the aforementioned' data*' it 
^as ttnaiiv concluded that the new tr:nydroxy mciabclite yl 
v:tam..n D : posse-, -.ec hycroxyl groups at C-2- and C-t : n 
adj i. on :•: the or-tt;nal hydroxy, group at C-2:. o-csent t ; ls 
par:nt 2>OH-D : . and w^s therefore idertif-d 1 ■ "J. ^ c *rs 
t.C ; H;_.D : . ' - — - t 

t-Jer.>y;.:a Ui>r ,,f yolh 2J,:;\2S(0}f),D- 2nd 2^25.26- 
0r: Js :he in V[ ' :c V<eiab<A::es :k av' i:<2min C^T-i't'^- 
:ciwz Rz: f-rorr, \ne HPLC ch-oT.atoeram ;now- n " Figure 
■:e^-ne cdv «us that there were several c.r:ula : ins 
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■ r. 



-r Pi. 



oolites in tne o ; asma a vtarrtm C 
>vV e we ' 5 abic -o estimate the ccncentraticr 
. - j - - : T,e!a '- x ' d '- ! as the ,Deci;-v: act;v:;; 

" D : tnat wa; acrr mistered tc *n- -a- 

i:ue o: -c: T.=-aooi:te :ortce-tr- : -^ ^ ■ ~L 



mean 



nc: 2--(. H-0 
Thus. 'rorr. 



; O - r, ■ 



in;oxicr.iec ra;, -se c-.tablir-hed -o:h 2-.2;.2S- OH i,D- ^ 
^.2..^, ;) H )3 r, a, tne . g ,;f;;ant :r . viv C netaooK^l 
nype-itar.;noMr D-„ Aiso. jur fr dmc or" t:o- ^-OM r7" "1 
2-.2-OH -D. ai tne rr -» r .-ir, ,1,^., ^ P .". r ^ t : ln<f ? 

^ K:s, e . c:V.;o f « :^;;:;; < ,?: t2 #f p^' 



-er-,c . ;-n:..r,c -.:ar : JrC c: 2: , OH -0-. -r thouer £S 

c on= 0, , ;p , J :,::v - hc T . a ,, r ,, c 

r -" ' a neuc-..!!le tnj; was re ;imK .dc.i.,^ 



p;ot25,26(C 
l^inaole t 



D:=c . ^ i" i c * - 

- ! \H\ £r f rfp ' rts :ne ' -e"ti ":a:i ::r of -.vc nev rnetaboiit^ 

"/";VV\ , /:.' UC - rd -. ICcm - ] - 1 - ^ - ' r 'he i:u ne^aboiitesl 
'•• " L ,cjntl -- i - — O'e ce cri bed in our^ 

J - r -' •- R -- Jc > ; : t.6.) fcr :r e ;* 0 anaioeouj" 

T ;";;Vc'- - ; -HOH) : I.v r,re,,:.:4,;: 2- l /JH,D : ;fid 1 
; -~ -:.-tj.'.'h Ir tn ^ ;.t„c , .ve or.'.y Cvrioi^nrited th^S 
icr, . -i.:n-:i the rew n etab, i 2>C H rv DerfiisinT 

it.; nevv.Mtr a r:r„ — iacoI ? ., :n c:ritrati r. ,':'2>OH-D^ 
u '1 M - : ? - e - L ^ of 'he ur:i..iiab:!iv. radiolabeled 
-:-Or-I.. - t.-e -irnr.- ,f -p.., - :i jv Koue-,-:- n a o.llabol 
r3J '-' e r,JU '' } r ' L ' !el - ,uec 'r;. en: ^e ;"rst svn^ 

tne.;-: -•-r-'H -2>C-r:-L-> •:") m,ttca!!N per'asina livrri? 
' : ':f. rcr v: --- Ocf :er- • .ts with [3.- ■ H] vitam^ 
Ac ! - v - n ce-no.-.r.tratr:-. bar; 2-. 25,2 • i OH),D, and| 
-t-(Oi:; 3 ;;= : a:; tne phy , ; cv: ...; rteti ef'2f-OH? 
■ :; ? ^ c "">'- iso;a«vc :r;:.~ norrrai <:r a rccular 

rjc^n- .::,e: *n:. : phyno nccntrat: . r. c: :5a- 3 H]< 

t : * • ° M) O f ^::jdy, R. ? -y. and MllFl 
r-:o. a-ip ;rj..;nec oo:-er-.a: orji. \t the nre-.ent t:me,'wfi 
a / : : a:se ' ! — bi.. !c - , .:i\ity of >-\h 24.25,28 

••••^ 2t(OFi) 0_ :c — ..r.avaiiability oL 

; r:C1 - L ' : '- v r - r - :abi) ^« in a c ^'t;!; .;..ffl:ie-.i : ,r the standards 
00ii SJV - ; ~':mrr.z tntesfr..:. Cc...-arr. t;ar.:; :»•..:: and bonij 
ca.c;u.T .r.:t:ii?;. ::,:-.. [io-^e-e- a. m alternative. :t ;s stiffT 
: l r ] s ; : bi :n 2^.2;..2:OjH),D : and| 

^'V;:' 3 ""' 3 ""' ?" 0 '— tne inactive .r.et.:boi;tc5:ofJ 

2: * , -^ D .' ^ - ha'.e re:-.nt.v . -no ha: the two ja-S 
nyd-o^ ■ jj'.ec re;a oolite o'" 2 - 2 :' 2 :!/ Ohf )-Sj- and 2-,25,2^J 
' 0Hl : L ': • i -- 4 2:^:>K kL-- and . 2-i;?26^h'Lr:J W 
tndeec :qt; etc.;- .na::iv t e.-r.;. of i-:e:t-na. c&iciumL 
tr.ir.ip.:-; mc t-one cai-:iurr. troo ii:;-.:icn iG. S F.edcy an^S 
R I- lor,:. .n:i.;-.::.r.ed or ,c'\ - ■ } -«-^^... r « in oiiiir 
prtser; 5:J c de-, ;c 'bo' n' 

^-■i- :t : anc („'H ; f2 - j-r :;ra ; ; a :;nc ,n .•ienificanrs 

ta~ in 2- : in' x*. ^;:.;e;: -at Tna: . even tfiougfcj 
e'a; co : — i'.icr.a! ev.i .;r.:on of t^ 
iboi :e:. . " .■-tim n 2'- t appear?^ 
^Litca, :t tne :'e«.e;;; t ire tc ±< ,ime '; a: tne f 0 -T..it:On cfnc"^ 
m-a-t. -;:ej may piay an .rrp l -a: rinyn i0 iog: .a. r^ie :n'.f^ 
ceact vii;cn ;: 2;-Gr--D. e: rx-a;a. • :wr.» e^' :aminOfl*J| 
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|8(0H wa:. not a vamiP.ant circulatinVmetaboiite of 
jS'in P 2 1" 2 vitarmr. L ; mtov..aed rat as indicated S tne 
%S« r of a radioactive peak ir tne migration posit;on of an 
ficntic synthetic uandarc of 2: .28* OH ) 2 D : (Figure fi. in 
jpjfoen: Mudy a; »; not have :he jvnthetl: iianda-d 
?5;26i:OH; : C', u- co=, c not establish the elutiun dc nuon 
^(OKiAorour HPLC^vsierni. As a r «u> wc were 
ft2j>..conc.uce wr,.;her tr.crc was ar,v formal) . n of 
j6(OHhD : in botn o,r i, v tro and our in vivo studies 
l^er, LorzcwsL et a; 19^ ■ m their recent 6*n- 
P« t£b:isned : , Jl ^-^(OH;. : D : wa: not a maior'circu- 
jg.fnetaDoiite o; 2:-mH-D : - ^t. Thus, it a D oear: thai 
■-Jre-tcrrcc :uD:t.Mte !o- me e-.r.yme; responsible for both 
**nd C-2c xy!atton> j, 2^.25- OH)-D-, but nc; 2 ; - 
Jn our prev om s:lc\ iRedcv & Tsemc P^: f 1 we 
Remonstrate.: tr.a: . 2;(0H)O : i< hvdro>vl a tec vst a - 
»4,tc form F24,2:.( OH ,,D : . *r.;:r is then f L rt^- hv- 
jylaiec either a; to form : ,24 :5.2* (OH: 4 D. .-. r a: 
g5ytb torm 1 2-P25.2r.(OH 4 D, Thus, in an anaY.o^ 
Son, even :h:L£- ., ; n , t , e d:rcC , ,,, iderct Q ' ^ 
jersicn o- 24.2::n.»H. : r» : into both 24.2-" 28('OHpL> -nc 
i;26(OHyD : i; ma;, be hypot resized that 2-0F-K i. 
gox>!a:ed e;tn-:r :i 0-2: or at C-2n oni% after v £ v . 
jtylatec f : rs: i; (. - Id 

Rcle«taroi-ig 'he ^ r,ay: ..f .n&cthatior. of b«.'r 
f?2 iand ^-UH-iJ,. tA C rr.v::icloe.cai:v si-Pi ~rr 
^boMe^f D, ■ o--ir.p,, r .anc.;. espariah m hv- 

? minoS!S f) :- ^ ^r.dmo.n that i-. not uncommon >n' - r-ai 
aiane as v.tarnir T, s , ; ,c routinely a- a i heretic a-r- 

' ' ■-* e •-■ - Circulating leve.: or 
gH-D : can De a< h:gr ^ 2:.,- "50 ne/mL ; nd --- e - 
&miatha;ccvei> P in-,.. :!^i;a: situation is beins re.'red 
beher, cr;u,Lt 2/-OH-D- ( M a ^"r e: a;.. 

gg.>rlr. a recent ■ t^:y, ' i; .;:e^, cl a | i i-jg^', . nv . v ; ,...^ 
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